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mg&tiuzm-hmntcom^ib. wmwxmiiz® 10 

mm i xmxstib ^tu-zmi^xx.^^-^ &o 
ZRvmstftu syroKty^tzm^x. mi 
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&W*Z1xhKzmbVVxft<nfo\^)Vxm:i%ibh 
352Igfc. 20 

mi>vvx%j7tt>bfvvx^ m?3M.i,zm-hmjEtc 
mmxm&vmam i xmTm^ntiim^xx. 
*ju*-<r>¥im£M^x . mgmLkizmtzti& 
wa>wx%<wvi'xm/\,*(-z-Btizm&t& *#> 

h y #-m^«^i$iaisigTiMaj3-£T . t?is3r£c7)Bg 

[19*^2] minmmgcvmaftx'vmgsmik 
vm;?4 $>y$mzwo>wxmft&i}>t><7>m: 

»t«u msmiwmsfrvvx%<7)msm%&&Tm 40 
omtsmmsmiztn *t . 
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#&k. 

Ht*K£«»Krtfci!lflM-4fcftCi«afSt, BUMS 

mmxM&xffigM i mmmzx o^^^fna 

»$<tl.l5E^^X3K^^xx*;^-=&mS<0^ 
KTMIlfclBW-**ll»¥Rk . 

wmn^t^. tm-?x?w?-y%m?ms. 

±£m%rr&miz. mB'WxXMlzftiLXmsB&th 
[OOOl] 

<mmmizfttx-?x?w&%mi.zmmLX7m 
-r&ztkx*). vx?}LWf-yzmgffi±£.n 

fttmmxv >y hx**yffittt<?)m%gmizt5^ 

x. i&m&wmxs&xm&x^&m&nimto 
tzmmthmsizmm Lxms^mmmumRi/s^t 
mimmzmtz. 

[0002] 

XWtthmz, 7*Y-?X9X\&V+?>V (HT % 
LT. 7* M^^xh^jE^teStif^xyNXti^^ 

[ o o o 3 1 &tz. ^mm=m<r>f^~yimm^ 

h<r>\iZ1ti tX , j»HMm(^mUK£' flLW S ^ki>S 

\t. ®&yt¥%cr>m%7 < ->v h < f & z t tm 
iktLx. %mmmmi-r&£o&m$iz\^ m. 
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ym£m&^&t:*b(om%Mw§miimit>tix^&. 10 
[ o o o 5 1 fii&ti. STtssLttcgft-r*^* 
-y<r>m®&z%»>&zti>3i#>t>tix\^tf. mm. 
*^&tzfr<ry-^<7&mtf%^<mm&X'hh. 
ztuzmtx. m&&mx'$&%mcD#x'. ax&tu 

fmm<r»vvxwsm.<r>v~ mm owxit 
m^*)vx- (tvvxm.) wxm&tzmz. 

/vvxjtmz < P > N *wvvx%<r>>vvxitSsrMt, 
oSwSSHSrApfcLT. S&*coS3t»I»SST«i. * 
eyWXifcMtfXf*,-^ tmtrtjjt—? A P / < P > 

* L*C . y^«*t J: hx y -y h««0BgBB®«fc*a^ 

«l« ( ry^^MMffiKj t ) fc£0»£*i 

<oar/5>o#*«(Ap/<p> )/ni/* t^sdt^ ao 
AizmtzzotmLx^ti. 

1 0 0 0 7 ] £fc . 'W*3HR*JIIirVtX!J y hx^^r 
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[ 0 0 0 9 ] £*r. HKfcrfflJfcgS ( u— fT^-^) 

h&x'<n#mffMh^tfb&. zcr>£o%mm&%<r) 

m^Oi 5 yT'cDfcf £>o£ fc , .BEOS W*£H0> 
[0010] *3&BH»i»r*>SjS(;:3£;^ '"W^EB&JB 
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4) HznLXiX? (R) St^S (W) ^^«|LTffl 
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[00123 setc*n^«. -e<7)® 1 xg-c««>^>nfc 
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t^g (W) ±T<7)rojg^-tt?: Sr^^jgrt (-SO W 

s/cfttie^Sr. mi (w> ±mj£{;w§fts^ 

-f-WC;PX3KOS/JVNV^St^*«>SS2XS (Xf7 
Tl 06) ^cr>tWX^t<7M^fVVXWL. mi 
(W) fc*ft43giE=5:^:S3tMAlX-e«lllIgT3c 

^ixfz^(DJvixx.^/^-a)^mzm^x^ m 
Uti-ri08, l 09) t. ( D fc-e 
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*tWfc>SE-t&?HE^K ( 1 1 , 12. 17. 18) t 
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i^'l l±^^^;i.R^i^^BBjgTflgW-S. 
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[0019] V^lVRhnx*) v YWMffimZA 
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Rtf+XUHii (Xli-X#ft) £%&2tl&cr)lzmmi 
X. XYXf-y'l 7^L-C7X^\WfiS7t®«24 
W(=»LT-X*rti (XJiX*|6i) fc^lESnS. ±M 
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®24W<m<7)m}$i) fc3iSL^*9B'C. v^X3Kjgl 
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jATjt^fctlfc^ HJ#-iH»S52l£:frLT 

wx%miizm;hVtf-m^TPZ*> (a-ik 
^ "i" w?;px) tzti. ztuzmtx. >vvx%m 
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= (Ll+D) f/v 

f«n?^. ^UT. XfyTl 13tfc^T. 
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mtV+VlVXT—isl 1 <DXS&&l^xy\ffl<7)XY 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** snows me worc j wn i c h can no t be translated, 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] By illuminating a rectangle or the lighting field of circular ** by using for example, the source of pulsed 
light as the exposure light source, and scanning a mask and a sensitization substrate synchronously to the lighting field, in the 
so-called aligner of the slit scan exposure method which exposes the pattern on a mask on a sensitization substrate, this invention 
is applied when controlling the light exposure to a sensitization substrate, and illuminance homogeneity within the limits of 
predetermined, and it relates to the suitable exposure control method and an exposure control unit. 
[0002] 

[Description of the Prior Art] Conventionally, in case a semiconductor device, a liquid crystal display element, or the thin film 
magnetic head is manufactured using photo lithography technology, the projection aligner exposed on sensitization substrates, 
such as a wafer with which the pattern of a photo mask or a reticle (it is hereafter named a "reticle" generically) was applied to the 
photoresist etc. through the projection optical system, or a glass plate, is used. One chip pattern of a semiconductor device etc. 
tends to be enlarged recently, and large area-ization which exposes the pattern of a bigger area than a reticle top's on a 
sensitization substrate is called for in the projection aligner. 

[0003] Moreover, although improving the resolution of a projection optical system according to patterns, such as a semiconductor 
device, making it detailed is also called for, in order to improve the resolution of a projection optical system, the difficult problem 
has enlarged the exposure field of a projection optical system on a design or manufacture. Especially, as a projection optical 
system, in using a reflective refraction system, it is also with a field and a bird clapper with the circular configuration of the 
exposure field of non-aberration. 

[0004] In order to respond to large-area-izing of this imprint object pattern, and a limit of the exposure field of a projection 
optical system, the rectangle and the projection aligner of the so-called slit scan exposure method which exposes the pattern of 
latus area on a sensitization substrate from the lighting field of the shape of the slit on a reticle circular or by scanning a reticle and 
a sensitization substrate synchronously to lighting fields (this being called "slit-like lighting field"), such as six square shapes, are 
developed. Generally, since the proper light exposure and the conditions of illuminance homogeneity over the sensitization 
material on a sensitization substrate are defined in the projection aligner, while being in predetermined tolerance and making the 
light exposure to a sensitization substrate agree to proper light exposure also in the projection aligner of a slit scan exposure 
method, the exposure control unit for maintaining the illuminance homogeneity of the exposure light to a wafer to the 
predetermined level is formed. 

[0005] moreover, one technique for raising resolution, although raising the resolution of the pattern exposed on a sensitization 
substrate recently is also called for - exposure light - short wavelength - it is-izing It is the pulse oscillation type laser light 
source (source of pulsed light) of an excimer laser, the metal-vapor-laser light source, etc. which has the wavelength of the light 
which emits light short in the light source which can be used about this now. However, unlike the continuation luminescence type 
light source of a mercury lamp etc., in the source of pulsed light, there is a property that the exposure energy (the amount of 
pulsed light) of the pulsed light which emits light varies within the limits of predetermined for every pulse luminescence. 
[0006] Therefore, it was supposed that parameter deltap/<p> which expresses dispersion in the amount of pulsed light with the 
conventional exposure control unit is carrying out the normal distribution, using the range of dispersion in <p> and the amount of 
pulsed light of the pulsed light as deltap for the amount of average pulsed light of the pulsed light from the source of pulsed light 
(it is random). And if the number of the pulsed light irradiated by the lighting field of the shape of a slit by pulsed light and a 
certain field on the sensitization substrate relatively scanned to a conjugate exposure field (this is called "pulse-number addition 
field") is set to N Dispersion in the addition light exposure after an exposure end is (deltap/<p>)/Nl/2. Using the bird clapper, the 
addition light exposure is in predetermined tolerance, and it was controlling to reach proper light exposure. 
[0007] Moreover, in exposing by the slit scan exposure method using the source of pulsed light, how the timing of luminescence 
of the source of pulsed light is set up poses a problem. When scanning a reticle and a sensitization substrate synchronously using 
the length measurement output of the length measurement equipment for displacement measurement of the substrate side stage for 
conventionally scanning a sensitization substrate about this (for example, laser interferometer), whenever the substrate side stage 
carried out predetermined interval movement, the luminescence trigger signal was sent out to the source of pulsed light. 
Therefore, it can be said that the conventional source of pulsed light was emitting light synchronizing with the length 
measurement output of length measurement equipment. 
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[0008] 

[]?roblem(s) to be Solved by the Invention] in the Prior art like the above, although dispersion in the amount of pulsed light of the 
pulsed light outputted from the source of pulsed light was taken into consideration, if attached to dispersion in the luminescence 
tirning which is dispersion in time after sending out a luminescence trigger signal to the source of pulsed light until the source of 
pulsed light actually emits light, it was not taken into consideration However, this invention person showed that dispersion in the 
luminescence timing of the source of pulsed light affected light exposure and the control precision of illuminance homogeneity. 
[0009] Moreover, generally in length measurement equipments (laser interferometer etc.), there is dispersion in time after actually 
measuring the length until it outputs a length measurement result. Since dispersion in the luminescence timing of the 
above-mentioned source of pulsed light was added to dispersion in such read-out tirning of a length measurement result, in having 
made the source of pulsed light emit light like before synchronizing with the length measurement output of length measurement 
equipment, there was un-arranging [ that light exposure and the control precision of inuminance homogeneity were 
unmaintainable in tolerance ]. 

[0010] this invention aims at offering the exposure control method which can improve the light exposure to a sensitization 
substrate, and the control precision of illuminance homogeneity, when exposing the pattern of a reticle on a sensitization substrate 
by the slit scan exposure method in view of this point using the source of pulsed light. Furthermore, this invention aims at offering 
the exposure control unit which can enforce such an exposure method, 
[0011] 

[Means for Solving the Problem] The exposure control method by this invention irradiates the pulsed light from the source of 
pulsed light (1) which generates the pulsed light accompanied by the predetermined quantity of light change and predetermined 
luminescence timing change in within the limits in the degree of luminescence to a predetermined lighting field (24), as shown in 
drawing 1 and drawing 2 . In case the pattern on a mask (R) is exposed to up to a substrate (W), scanning a mask (R) and a 
substrate ( W) relatively synchronously to a predetermined lighting field (24) In the light exposure control method for controlling 
the addition light exposure of the pulsed light to a substrate (W), and the illuminance homogeneity on a substrate ( W) in a 
predetermined precision In the source of pulsed light (1) beforehand before the exposure to a substrate (W) by carrying out two or 
more pulse luminescence of the pulsed light It has the 1st process (Steps 102-104) which searches for the average of the pulse 
energy (the amount of pulsed light) of the pulsed light, dispersion of a pulse energy, and dispersion of luminescence timing. 
[0012] Furthermore, this invention is based on dispersion of the pulse energy called for at the 1st process, and dispersion of the 
luminescence timing. The 2nd process which asks for the minimum pulse number of the pulsed light which should be irradiated 
by one [ required in order to control the addition light exposure to a substrate (W), and the illuminance homogeneity on a 
substrate (W) in a predetermined precision ] on a substrate (W) (Step 106), It is based on the average of the pulse energy called 
for at the proper addition light exposure to the rninimum pulse number of the pulsed light, and a substrate (W), and its 1 st 
process. The 3rd process which sets up the degree of adjustment for adjusting umformly the pulse energy of the pulsed light 
irradiated on a substrate (W) (Step 108,109), By sending out the luminescence trigger signal for making the pulsed light emit 
light in the source of pulsed light (1) at intervals of isochronous, and scanning a mask (R) and a substrate (W) relatively to a 
predeterrnined lighting field (24) It has the 4th process (Steps 110-113) which exposes the pattern of a mask (R) on a substrate 
(W). 

[0013] The exposure control unit by this invention Moreover, for example, the source of pulsed light which generates the pulsed 
light accompanied by the predetermined quantity of light change and predetermined luminescence timing change in within the 
limits according to the luminescence trigger signal (TP) from the outside in the degree of luminescence as shown in drawing 1 
(1), The lighting optical system which irradiates the pulsed light to a predetermined lighting field (24) (2-10), It has a scanning 
means (1 1, 12, 17, 18) to synchronize and to scan a mask (R) and a substrate (W) relatively, to a predeterrnined lighting field 
(24). It is prepared in the aligner which scans a mask (R) and a substrate (W) relatively to a predetermined lighting field (24), and 
exposes the pattern on a mask (R) to up to a substrate (W). In the light exposure control unit for controlling the addition light 
exposure of the pulsed light to a substrate ( W), and the illuminance homogeneity on a substrate (W) in a predeterrnined precision 
A luminescence state monitor means to measure the actual pulse energy and luminescence timing for every pulsed light of the 
which are irradiated on a substrate (W) (19 20), In the source of pulsed light (1) beforehand before the exposure to a substrate 
(W) by carrying out two or more pulse luminescence of the pulsed light It has a 1st operation means (14) to search for the average 
of the pulse energy of the pulsed light, dispersion of a pulse energy, and dispersion of luminescence timing from the result 
measured with the luminescence state monitor means. 

[00 1 4] Furthermore, this invention is based on dispersion of the pulse energy called for by this 1 st operation means, and 
dispersion of the luminescence timing. A 2nd operation means to ask for the miriimum pulse number of the pulsed light which 
should be irradiated by one [ required in order to control the addition light exposure to a substrate (W), and the illuminance 
homogeneity on a substrate (W) in a predeteimined precision ] on a substrate (W) (14), It is based on the average of the pulse 
energy called for by the proper addition light exposure to the minimum pulse number and a substrate (W) and its 1 st operation 
means of the pulsed light. A quantity of light adjustment means to be the predetermined degree of adjustment and to adjust 
uniformly the pulse energy of the pulsed light irradiated on a substrate (W) (3 13), Scanning a mask (R) and a substrate (W) 
relatively to a predeterrnined lighting field (24) In case the pattern of a mask (R) is exposed on a substrate ( W), it has the 
luminescence control means (13 21) which supply a luminescence trigger signal (TP) at intervals of isochronous to the source of 
pulsed light (1). 
[0015] 
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[Function] It is made to first determine the minimum exposure pulse number required to control the addition light exposure to a 
substrate (W), and illuminance homogeneity by predetennined precision beforehand by surveying time dispersion (dispersion in 
luminescence timing) from sending out of the luminescence trigger to the source of pulsed light (1) to actual luminescence with 
dispersion in a pulse energy according to the exposure control method of this this invention. Then, in order to remove the 
influence of dispersion in the timing of read-out of the length measurement output of the length measurement means with which 
the scanning means the length measurement means with which the scanning means of ** was equipped, or for (Mask R) 
substrates (W) was equipped, the mask at the time of exposure (R) and the scan speed of a substrate (W) are set constant, and it is 
made to send out the luminescence trigger to the source of pulsed light (1) to an isochronous interval. 

[0016] That is, since not only dispersion in a pulse energy but dispersion of the luminescence timing of the source of pulsed light 
(1) is taken into consideration and light exposure control is performed, the precision of light exposure control and control of 
illuminance homogeneity improves. Moreover, since it is not influenced by dispersion in the signal-processing time of a length 
measurement means, the precision of light exposure control and control of illuminance homogeneity improves more. Moreover, 
according to the exposure control unit of this invention, the above-mentioned exposure control method can be enforced. 
[0017] 

[Example] Hereafter, with reference to a drawing, it explains per example of this invention, this example applies this invention to 
the projection aligner of a slit scan exposure method which has the pulse oscillation type exposure light source of an excimer laser 
etc. as the light source. Drawing 1 shows the projection aligner of this example, and in this drawing 1 , the cross-section 
configuration of a beam is orthopedically operated so that incidence of the laser beam injected from the pulse oscillation type 
source 1 of pulsed light may be efficiently carried out to the consecutive fly eye lens 4 with the beam plastic surgery optical 
system 2 which consists of a cylinder lens, a beam expander, etc. Incidence of the laser beam injected from the beam plastic 
surgery optical system 2 is carried out to the quantity of light adjustment means 3. The quantity of light adjustment means 3 shall 
have rough **** and fine **** of permeability. Incidence of the laser beam injected from the quantity of light adjustment means 
_3_ is carried out to the fly eye lens 4. The fly eye lens 4 is for illurninating a consecutive field diaphragm 7 and consecutive Reticle 
R with a uniform illuminance. 

[001 8] The laser beam which the reflection factor carried out incidence of the laser beam injected from the fly eye lens 4 to the 
small beam splitter 5 with big permeability, and passed the beam splitter 5 illuminates a field-diaphragm 7 top with a uniform 
illuminance by the 1st relay lens 6. The configuration of opening of the field diaphragm 7 of this example is a rectangle. The laser 
beam which passed the field diaphragm 7 illuminates the reticle R on a reticle stage 1 1 with a uniform illuminance through the 
2nd relay lens 8, the bending mirror 9, and the main condenser lens 10. The pattern formation side of a field diaphragm 7 and 
Reticle R and the exposure side of Wafer W are conjugate, and a laser beam is irradiated by the lighting field 24 of the shape of a 
slit of opening of a field diaphragm 7, and the rectangle on the conjugate reticle R. By changing the configuration of opening of a 
field diaphragm 7 through a mechanical component (illustration ellipsis), the configuration of the lighting field 24 of the shape of 
the slit can be adjusted. 

[00 1 9] Projection exposure of the pattern image in the lighting field 24 of the shape of a slit on Reticle R is carried out on Wafer 
W through a projection optical system 1 5. A conjugate field is set to exposure field 24W about slit-like the lighting field 24 and a 
projection optical system 15. And when the Z-axis is taken in parallel with the optical axis of a projection optical system 15 and 
the scanning direction of the reticle R to the slit-like lighting field 24 is made into the direction of X within a flat surface 
perpendicular to the optical axis, a reticle stage 1 1 is scanned in the direction of X by the reticle-stage mechanical component 12. 
The reticle-stage mechanical component 12 is controlled by the main-control system 13 which controls operation of the whole 
equipment. Moreover, the length measurement equipments (laser interferometer etc.) for detecting the coordinate of the direction 
of X of a reticle stage 1 1 are built into the reticle-stage mechanical component 1 2, and the X coordinate of the reticle stage 1 1 
measured by this is supplied to the main-control system 13. 

[0020] On the other hand, Wafer W is laid through the wafer electrode holder 16 on X-Y stage 17 which can be scanned in the 
direction of X ( drawing 1 longitudinal direction) at least. Between ** and X-Y stage 17 which carry out an illustration ellipsis, 
and the wafer electrode holder 16, the Z stage which positions Wafer W to a Z direction is equipped. Synchronizing with Reticle 
R being scanned in the direction of +X (or the direction of -X) at the time of slit scan exposure, Wafer W is scanned in the 
direction of -X (or the direction of X) to exposure field 24 W through X-Y stage 1 7 . The main-control system 1 3 controls 
operation of the X-Y stage 17 through the wafer stage mechanical component 18. The length measurement equipments (laser 
interferometer etc.) for detecting the coordinate of the direction of X of X-Y stage 17 and the direction of Y are built into the 
wafer stage mechanical component 1 8, and the X coordinate and Y coordinate of X-Y stage 1 7 which were measured by this are 
supplied to the main-control system 13. 

[0021] Moreover, the laser beam reflected by the beam splitter 5 is received by the light exposure monitor 19 which consists of 
an optoelectric transducer, and the light exposure monitor's 19 photo-electric-translation signal is supplied to operation part 14 
through amplifier 20. The relation between the light exposure monitor's 1 9 photo-electric-translation signal and the illuminance of 
the pulse exposure light on the exposure side of Wafer W is called for beforehand. That is, the light exposure monitor's 19 
photo-electric-translation signal is proofread beforehand. 

[0022] Operation part 14 measures not only dispersion in the amount of pulsed light of the pulsed light outputted from the source 
1 of pulsed light but the luminescence timing of each pulsed light from the exposure monitor's 1 9 photo-electric-translation 
signal. Dispersion of the amount of these pulsed light and dispersion of luminescence timing are supplied to the main-control 
system 13. Moreover, at the time of exposure, operation part 14 integrates the photo-electric-translation signal for every pulsed 
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lights and supplies it to the main-control system 13 in quest of the addition light exposure to Wafer W. 

'[0023] The main-control system 13 controls the timing of luminescence of the source 1 of pulsed light by supplying luminescence 
trigger signal TP to the source 1 of pulsed light through the trigger-control section 21 . Moreover, dispersion in time after, as for 
operation part 14, a luminescence trigger is supplied to the source 1 of pulsed light from the trigger-control section 21 from the 
timing which sent out luminescence trigger signal TP to the source 1 of pulsed light, and the light-receiving timing detected by 
operation part 14 until the source 1 of pulsed light actually emits light, i.e., dispersion of the luminescence timing of the source 1 
of pulsed light, can be searched for. Moreover, the main-control system 13 adjusts the output power of the source 1 of pulsed light 
if needed, or adjusts the permeability in the quantity of light adjustment means 3. While an operator can input the pattern 
information on Reticle R etc. into the main-control system 13 through the I/O means 22, the main-control system 13 is equipped 
with the memory 23 which can accumulate various information. 

[0024] Next, it explains per example of operation in the case of exposing the pattern of Reticle R on Wafer W by this example 
with reference to the flow chart of drawing 2 . First, in Step 101 of drawing 2 , an operator sets the light exposure S of the request 
in respect of a wafer (mJ/cm2) as the main-control system 1 3 through the I/O means 22. Next, in Step 102, the main-control 
system 13 gives directions of dummy luminescence to the trigger-control section 21. Then, experimental luminescence (dummy 
luminescence) of the source 1 of pulsed light is performed in the state where it evacuated to the place (field of the outside which is 
exposure field 24W) where Wafer W is not exposed. In dummy luminescence, the distribution of the amount of pulsed light which 
the photo-electric-translation signal which the pulsed light of about 100 pulses emits light, and is detected by the light exposure 
monitor 1 9 shows, and the distribution of luminescence timing serve as a normal distribution form mostly, as shown [ both ] in 
drawing 3 . 

[0025] Drawing 3 (a) shows the distribution of the value (mJ/cm2) of the amount p of pulsed light of each pulsed light measured 
by the dummy luminescence (amount converted on the exposure side of a wafer), and drawing 3 (b) shows the distribution of the 
luminescence timing delta of the source 1 of pulsed light measured by the dummy luminescence (sec). And in Step 103, from the 
distribution data of the amount p of pulsed light shown in drawing 3 (a), operation part 1 4 calculates the amount of average 
pulsed light on the exposure side of a wafer <p> (mJ/cm2 and pulse), and calculates the average <delta> of dispersion in the 
distribution data of the luminescence timing delta shown in drawing 3 (b) to luminescence timing. 

[0026] After that, in Step 1 04, from the distribution data of the amount p of pulsed light shown in drawing 3 (a), operation part 1 4 
asks for deflection deltap 3 times (3sigma) the amount of pulsed light of standard deviation, and asks for deflection deltadelta of 
the luminescence timing of being 3 times much as the distribution data of the luminescence timing delta shown in drawing 3 (b) to 
standard deviation. And operation part 14 computes dispersion (deltap/<p>) of the amount of pulsed light, and dispersion 
(deltadelta/<delta>) of luminescence timing. 

[0027] Next, in Step 105, the light exposure S of the request specified through the I/O means 22 (mJ/cm2) is sent out to operation 

part 14 from the main-control system 13, and operation part 14 computes exposure pulse-number N from the following formula 

using the amount of average pulsed light <p> computed at the light exposure S and Step 103 of the request. 

[0028] 

[Equation 1] 

N= i n t (S/<p» 

[0029] Here, int (A) expresses the integer which omitted below decimal point of the real number A, and was acquired. Moreover, 
the information on width-of-face [ of the scanning direction of exposure field 24W of the shape of a slit on a wafer side ] D (cm) 
and oscillation frequency [ of the source 1 of pulsed light ] f (Hz) is sent to operation part 14 through the main-control system 13 
from memory 23, and operation part 14 asks for the scan speed v on a wafer side (cm/sec) from the following formula using 
exposure pulse-number N for which it asked by (several 1), width of face D, and frequency f. 
[0030] 
[Equation 2] 



[003 1] It is the minimum exposure pulse-number Nmin required after that, in order that operation part 14 may control the 
addition light exposure in respect of exposure of Wafer W, and illuminance homogeneity in a predetermined precision in Step 
106. Although computed, the operation expression is explained in detail later. Exposure pulse-number N and the rninimum 
exposure pulse-number Nmin The main-control system 13 is supplied. 

[0032] Next, it sets to Step 107 and the main-control system 13 is exposure pulse-number N and the rninimum exposure 
pulse-number Nmin. It compares, in (N<Nmin), it shifts at Step 108, and the main-control system 13 reduces coarsely the 
permeability of the quantity of light adjustment means 3 of drawing 1 (it rough-**). Even Steps 102-107 are repeated after that, 
and it is exposure pulse-number Nmin of the exposure pulse-number N and the rmnimum again. It compares. Therefore, the 
permeability of the quantity of light adjustment means 3 is set up so that it may become the last target with (N>=Nmin). There is 
equipment equipped with the ND filter which has two or more permeability in a turret board which is indicated as an example of 
a means to rough-** permeability by JP,63-316430,A and JP,1-257327,A by these people etc. 

[0033] Next, when it becomes (N>=Nmin) at Step 107, it shifts to Step 109 and the quantity of light of pulsed light is tuned 
finely. That is, fine ** of the amount of average pulsed light <p> is performed so that S/<p> may become an integer in a formula 
(several 1). under the present circumstances - alike ~ Step 105 - setting (several 1) - since the scan speed v was defined 
according to exposure pulse-number N for which it asked, it is desirable to tune the amount of pulsed light finely towards only a 
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few»enlarging the amount of average pulsed light <p> so that the value of exposure pulse-number N may not be changed On the 
contrary, what is necessary is for the amount of average pulsed light <p> to follow a scan speed v anew (several 2) by fine tuning 
of the amount of pulsed light, when exposure pulse-number N is set to (N+l) by the bird clapper slightly and small, and just to 
reask. 

[0034] While being arranged along with the optical path of pulsed light as indicated by JP,2-135723,A by these people as an 
example of quantity of light fine ****** for tuning the energy of pulsed light finely, the means which consists of a mechanism to 
which the strike slip of the grid of two sheets in which line - and - space pattern were formed in the same pitch, and the grid of 
these two sheets is carried out slightly is mentioned. Since the pulsed light of the field with which the bright section of the 1 st grid 
and the bright section of the 2nd grid lapped is irradiated at Wafer W side when using the grid of two sheets, the amount of pulsed 
light irradiated at Wafer W side can be finely tuned by adjusting the relative amount of strike slips of the grid of these two sheets. 
[0035] Then, the main-control system 13 makes the scan of Reticle R and Wafer W start in Step 1 10 through a reticle stage 1 1 
and X- Y stage 1 7 by the side of a wafer. In drawing 1 , when Reticle R is scanned in the direction of X, Wafer W is scanned in 
the direction of -X. moreover, the settling time although the scan speed (reduced property in respect of exposure of Wafer W) v of 
Reticle R and Wafer W is defined by (several 2), until the scan speed of X-Y stage 17 by the side of a wafer reaches the scan 
speed v after a scanning start in this example — TO ** — it carries out 

[0036] Furthermore, after resetting Time t to 0 at the time of a scanning start and resetting Parameter j to 0, as shown in Step 111, 
the main-control system 13 turns ON (pulse of high level "1 ") luminescence trigger signal TP in the source 1 of pulsed light 
through the trigger-control section 21, when Time t is set to (TO+jdeltaT). According to this, in the source 1 of pulsed light, one 
pulsed light is generated and the pattern of Reticle R is exposed on Wafer W. 

[0037] For luminescence trigger signal TP, Time t is TO, as drawing 5 shows luminescence trigger signal TP of this example and 
shows it to this drawing 5 . It is turned ON by fixed period deltaT from the time of reaching. Therefore, the source 1 of pulsed 
light will emit light by fixed periodic deltaT, and f is expressed with the oscillation frequency 1 /delta T of the source 1 of pulsed 
light. The oscillation frequency f is a value beforehand memorized by memory 23. Then, 1 is added to Parameter j at Step 1 12, 
and Parameter j is Integer NT at Step 1 13. In the source 1 of pulsed light, it is NT by emitting light in the source 1 of pulsed light 
at Step 111, when having not reached. Luminescence of the pulsed light of an individual is performed by the fixed frequency f 
(with fixed periodic deltaT). 

[0038] If width of face of the scanning direction of LI and exposure field 24 W is set to D for the width of face of the scanning 
direction (the direction of X) of one shot field on Wafer W in drawing 1 , since it is v/f, the distance by which Wafer W is scanned 
one period of luminescence of the source 1 of pulsed light is the number NT of luminescence of pulsed light. The minim um value 
is as follows. 
NT =(Ll+D)/(v/f) 

= (Ll+D) The pulsed light of a predetermined number is added to f/v practice at the time of the start of a scan, and an end. And 
the pulse number which emitted light in Step 1 1 3 is NT, When it reaches, it shifts to Step 1 1 4 and the main-control system 1 3 
ends a scan and exposure of Reticle R and Wafer W. Thereby, all the patterns for one shot on Reticle R are exposed by one shot 
field on Wafer W. In this case, luminescence of the source 1 of pulsed light is performed by this example on fixed frequency 
regardless of the X coordinate of a reticle stage 1 1, and the X coordinate of X-Y stage 17 by the side of a wafer. However, the 
reticle stage 1 1 and X-Y stage 17 are scanned by constant speed, respectively. Therefore, even if the time which measurement of 
the X coordinate of X-Y stage 17 by the side of the time which measurement of the X coordinate of a reticle stage 1 1 takes, or a 
wafer takes differs in this example, the oscillation frequency of the source 1 of pulsed light is not influenced, and the addition light 
exposure and illuminance homogeneity over Wafer W are maintained in a desired precision. 

[0039] Next, the minimum exposure pulse-number Nmin in Step 106 of drawing 2 The method of computing is explained in full 
detail. First, the illumination distribution in alignment with the cross section of the scanning direction of exposure field 24 W on 
the lighting visual field (lighting field 24) formed of the field diaphragm 7 of drawing 1 and Wafer W is a rectangle ideally, 
respectively .fl^owever^ the illumination distribution will become a trapezoidal shape as shown in drawing 4 by the installation 
error of a field diaphra'grrr7, the aberration of optical system',*etc. in fact. 

[50401 Drawing 4 expresses the illumination distribution for every pulsed light in the position X of the scanning direction on 
Wafer W with the function p of a position X, For example, supposing it is injected from one in opening of a field diaphragm 7 and 
light fades with a uniform illuminance to the circular field of radius **D on Wafer W, the function and bird clapper of a variable 
like the following formula ] (X/deltaD) ^hlTse slope section of the illumination;distribution of a trapezoidal shape is will be r > 
^fovM easily. 
" [0041] 
[Equation 3] 

P (X/AD)^ 



[0042] Distribution curves 25A, 25B, and 25C show the illumination distribution in alignment with a cross section with such 
slight dotage to drawing 4 for every pulsed light. Since the width of face of the scanning direction of exposure field 24W is 
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several mm in fact and width-of-face **D of dotage of an illuminance is about several 10-several micrometers, the illumination 
•distribution in alignment with the cross section of drawing 4 is a rectangular distribution mostly, the peak value of distribution 
curves 25A, 25B, and 25C respectively -- pi, p2, and p3 it is -- in distribution curves 25A, 25B, and 25Cs, the width of face of 
the scanning direction of the position where a value becomes one half of peak value, respectively is D in common This width of 
face D can be considered to be the width of face of the scanning direction of exposure field 24W. 

[0043] The peak quantity of light of 1 pulse eye (distribution curve 25 A), 2 pulse eye (distribution curve 25B), and 3 pulse eye 
(distribution curve 25C) is changing with dispersion in the amount of pulsed light, respectively, and the luminescence interval of 
each pulsed light is also moreover, less fixed [ by dispersion in luminescence timing ] in drawing 4 . Here, it is the pulse number 
by which a value is exposed in piles to 1/2 or less field (field of width-of-face **D1 and **D2) of peak value in the slope section 
of the both sides of distribution curve 25A of 1 pulse eye after 2 pulse eye, respectively Nl and N2 The following formula will be 
materialized if it sets. 
[0044] 
[Equation 4] 

N l = i n t • N), 



N* = i n t (^ 2 -N) 

[0045] That is, since the pulse number exposed while scanning the exposure field of width of face D is N (several 1) (expressed), 
it is width-of-face **D1 . And **D2 A number proportional to each width of face of pulsed light is exposed by the field. At this 
time, the light exposure after scanning exposure and the precision A of illuminance homogeneity are expressed by the following 
formula. ||jfeexample, A is 0.01 if precision is 1%. 
[0046] 

[Equat ion 5] 



X 



7n k <v> } 



[0047] The term which generates the 1 st term of the right-hand side of (several 5) by dispersion in the amount of pulsed light, the 
term which generates the 2nd term by dispersion in the amount of pulsed light and dispersion of luminescence timing, and the 3rd 
term are terms showing degradation of illuminance homogeneity produced by the asymmetry of dotage of exposure field 24W. In 
the right-hand side of (several 5), it is width of face D, width-of-face **D1, and width-of-face **D2. It is stored in memory 23 as 
an equipment constant, respectively. In addition, this example is those width of face D, width-of-face **D1, and width-of-face 
**D2, although it differs. The aligner may be equipped with the measurement function, moreover - and (**p/<p>) 
(**delta/<delta>) it is asked to have been shown in Step 104 by survey Therefore, the minimum exposure pulse-number Nmin 
required in order to acquire the precision A of the request by substituting the desired precision A for (several 5), and solving 
about N It asks. 

[0048] In addition, in the above-mentioned example, the explanation about the interference fringe generated for the influence of 
the spatial coherence which the source 1 of pulsed light has, and the control means for reducing irregular lighting unevenness 
(speckle) was omitted. Generally, since the spatial coherence of an excimer laser is good, by the aligner using an excimer laser, it 
has an interference fringe reduction means, and light exposure control is performed, exposure of two or more pulses performing 
interference fringe reduction (for example, refer to JP,1 -257327,A). in this case, the minimum exposure pulse number required 
for interference fringe reduction - and (several 4) (several 5) - from - the minimum exposure pulse-number Nmin which can be 
found the larger one — Nmin ** -- what is necessary is just to set 

[0049] Moreover, although the light exposure monitor 1 9 is installed into lighting optical system, the sensor on a wafer stage (1 6 
1 7) may substitute the light exposure monitor 1 9 for the above-mentioned example. However, the sensor formed on the wafer 
stage in this way is usable only during dummy luminescence of the source 1 of pulsed light, and while actually exposing to Wafer 
W, another light exposure monitor is needed. 

[0050] Moreover, although the slit-like lighting field was made into the rectangle in this example, even if it is a hexagon, a 
rhombus, or the lighting field of circular **, it cannot be overemphasized that this invention is applicable similarly. Furthermore, 
a refraction formula, a reflective formula, or a reflective refraction formula is also available for the projection optical system 15 in 
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drav\ang 1 . And as a source 1 of pulsed light, not only a laser light source but a plasma X line source, synchrotron radiation 
"equipment (SOR), etc. may be used. Furthermore, this invention cannot be overemphasized by that not only a projection aligner 
but the aligner of a contact method or a proxy tee method is effective. 

[005 1 ] Thus, this invention is not limited to the above-mentioned example, but can take composition various in the range which 

does not deviate from the summary of this invention. 

[0052] 

[Effect of the Invention] Since light exposure control is performed according to this invention, taking into consideration not only 
dispersion of a pulse energy that the source of pulsed light has but dispersion of luminescence timing, there is an advantage light 
exposure and whose control precision of illuminance homogeneity improve. Moreover, since the luminescence trigger of the 
source of pulsed light is supplied to the source of pulsed light a fixed period and the scan speed of the mask at the time of 
exposure and a sensitization substrate is also set constant, the influence of dispersion in the read-out timing of the length 
measurement result from length measurement equipments, such as a laser interferometer, is mitigated, and light exposure and the 
control precision of illuminance homogeneity improve further. 



[Translation done.] 
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